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Scattering CRs in front 
of the shock is essential.
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See, e.g., review by Malkov & Drury (2001)
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Particle Tracing in Turbulent Fields
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(from Beresnyak & Lazarian 2005)

Density inhomogeneities
in the ISM or stellar wind

Crab Nebula (NASA, HST)



9

Precursor Turbulence
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Large-scale dynamo,
require special conditions,

and slow

vs

small-scale dynamo,
very generic in

 three-dimensional dynamics
and fast
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(see, e.g. Kazantsev, 1967,
Kulsrud & Anderson 1922)

Kinematic Dynamo
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much below equipartition

Kinematic Dynamo
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Nonlinear Dynamo
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Nonlinear Dynamo
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Particle Scattering
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Comparison Between Small-Scale Dynamo
 and Current Instability
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Summary

If fluid inflowing strongly modified shock has large density 
inhomogeneities, it develops turbulence and generates fairly 
strong magnetic fields which resolves the problem of particle 
scattering in front of the shock. 

Future Work

We will quantify the amount of solenoidal motions with more 
precision using MHD simulations. We will solve coupled 
diffusion-advection and MHD fluid equations to obtain 
particle spectra and the structure of the precursor. 
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Sources of kinetic energy (and B, and CRs):
1. Directly from gravity (e.g., MRI)

2. AGN jets
3. Stellar winds

4. SN explosions
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